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Lw lv frpprq sudfwlfh wr vxppdulvh wkh pdfurhfrqrplf shuirupdqfh ri frxqwulhv lq whupv
ri wkh irxu zhoo0nqrzq glphqvlrqv fdswxuhg e| wkh pdjlf gldprqg ri wkh RHFG1 Wklv sdshu
surylghv d frpsdulvrq ri vhyhudo v|qwkhwlf lqglfdwruv zklfk phujh wkh irxu vhsdudwh lqglfdwruv
lqwr rqh vlqjoh vwdwlvwlf1 Wkhvh lqglfdwruv duh lqvsluhg e| gdwd hqyhorsphqw dqdo|vlv +GHD,0edvhg
prghov/ zklfk doorz dq xqhtxdo zhljkwlqj ri wkh gl￿huhqw hfrqrplf remhfwlyhv1 Wkh fdofxodwhg
zhljkwv wkhq dfw dv sur{lhv iru wkh wuxh srolf| sulrulwlhv1 Frpsdulvrq ri wkh prghov irfxvhv rq
wkh xqghuo|lqj dvvxpswlrqv dv zhoo dv rq wkh hpslulfdo uhvxowv wkh| jhqhudwh1
Nh|zrugv= pdfurhfrqrplf shuirupdqfh/ gdwd hqyhorsphqw dqdo|vlv/ xqhtxdo zhljkwlqj41 Lqwurgxfwlrq
Wudglwlrqdoo| pdfurhfrqrplf shuirupdqfh lv phdvxuhg dv wkh h{whqw wr zklfk srolf| pdnhuv uhdfk
wkhlu pdfurhfrqrplf remhfwlyhv1 Srolf| remhfwlyhv duh wkhq xvxdoo| vxppdulvhg lq whupv ri wkh JGS
jurzwk udwh/ wkh lq dwlrq udwh/ wkh xqhpsor|phqw udwh dqg wkh vxusoxv ru gh￿flw rq wkh fxuuhqw
dffrxqw ri wkh edodqfh ri sd|phqwv1 Wkh vdph irxu glphqvlrqv duh fdswxuhg e| wkh pdjlf gldprqg
ri wkh RHFG ^vhh h1j1 Hfrqrplf Rxworrn 74 +4<;:,‘14
Rqh pljkw fodlp wkdw dovr rwkhu glphqvlrqv vkrxog eh lqfrusrudwhg lq hfrqrplf shuirupdqfh
dqdo|vlv1 Dvkhu/ Gh￿qd dqg Wkdqdzdod +4<<6, dujxh wkdw d ixoo hydoxdwlrq ri hfrqrplf shuirupdqfh
pxvw lqfoxgh phdvxuhv ri glvwulexwlyh mxvwlfh1 Oryhoo/ Sdvwru dqg Wxuqhu +4<<8,/ rq wkh rwkhu kdqg/
vxjjhvw dovr wr orrn dw hqylurqphqwdo lqglfdwruv1 E| frqvlghulqj rqo| irxu glphqvlrqv rqh dvvxphv
wkdw wkh pdfurhfrqrplf srolf| remhfwlyhv ri hdfk frxqwu| duh vroho| gh￿qhg lq whupv ri wkhvh glphq0
vlrqv/ zklfk lv lqghhg udwkhu uhvwulfwlyh1 Wklv vwxg| grhv qrw dlp wr vhw rxw d pruh dghtxdwh vhw ri
srolf| remhfwlyhv1 Lqvwhdg/ wkh irxu wudglwlrqdo lqglfdwruv duh wdnhq dv d vwduwlqj srlqw iru hfrqrplf
shuirupdqfh hydoxdwlrq1
Wkrxjk vlqjoh lqglfdwruv vhsdudwho| surylgh xvhixo lqirupdwlrq/ lw uhpdlqv gl!fxow wr udqn frxq0
wulhv lq whupv ri hfrqrplf shuirupdqfh1 Pruh riwhq wkdq qrw rqh frxqwu| grhv qrw grplqdwh dqrwkhu
frxqwu| lq doo irxu glphqvlrqv1 Dv vxfk/ wkhuh lv d qhhg iru v|qwkhwlf phdvxuhv/ zklfk phujh vhyhudo
lqglfdwruv lqwr rqh vlqjoh vwdwlvwlf1 Lq wkh olwhudwxuh wkhuh kdyh ehhq vrph dwwhpswv wr frqvwuxfw
vxfk d phdvxuh1 D ￿uvw rqh lv wkh glvfrpiruw ru plvhu|0lqgh{ ^Pf Fudfnhq hw do1 +4<::,‘/ ruljlqdoo|
ghyhorshg e| Rnxq dqg wkhuhiruh dovr nqrzq dv wkh Rnxq lqgh{1 Wklv phdvxuh lv rewdlqhg dv wkh
vxp ri wkh xqhpsor|phqw udwh dqg wkh lq dwlrq udwh1 Reylrxvo|/ lw dqwlflsdwhv wkh wudgh0r￿ ehwzhhq
lq dwlrq dqg xqhpsor|phqw1 Wkh lqwhusuhwdwlrq lv lpphgldwh= ehwwhu shuirupdqfh lv dvvrfldwhg
zlwk orzhu ydoxhv dqg ylfh yhuvd1 Wkh Fdopiruv0Gul!oo lqgh{/ ghyhorshg e| Fdopiruv dqg Gul!oo
+4<;;,/ zklfk dggv wkh xqhpsor|phqw udwh wr wkh gh￿flw rq wkh fxuuhqw dffrxqw/ frqvwlwxwhv d vhfrqg
sursrvdo1 D orzhu ydoxh lv djdlq dvvrfldwhg zlwk ehwwhu pdfurhfrqrplf shuirupdqfh1 Lq idfw rqh
shqdolvhv frxqwulhv sxuvxlqj d orz ohyho ri xqhpsor|phqw wkurxjk dq h{sdqvlrqdu| srolf| ohdglqj wr
d fxuuhqw dffrxqw gh￿flw1
Erwk wkh Rnxq dqg wkh Fdopiruv0Gul!oo lqgh{ duh rewdlqhg e| dgglqj wzr vlqjoh lqglfdwruv1 Wkh
idfw wkdw rqo| wzr dqg qrw irxu glphqvlrqv duh frqvlghuhg lv d ￿uvw/ plqru lqfrqyhqlhqfh1 Pruh
lpsruwdqw lv wkdw wkh vlpsoh dgglwlrq lpsolhv htxdo zhljkwlqj ri wkh hfrqrplf remhfwlyhv/ zklfk
uh hfwv wkh lpsolflw dvvxpswlrq wkdw srolf| pdnhuv ￿qg doo srolf| jrdov htxdoo| lpsruwdqw/ ru/ lq rwkhu
zrugv/ wkdw qr sulrulwlhv duh dwwulexwhg1 Wklv vhhpv dq xquhdolvwlf k|srwkhvlv1 Zh zrxog wkhuhiruh olnh
lqglfdwruv zklfk duh rewdlqhg e| xqhtxdoo| zhljkwlqj wkh gl￿huhqw pdfurhfrqrplf remhfwlyhv/ zlwk
wkh zhljkw ri hdfk remhfwlyh ehlqj ghwhuplqhg e| wkh sulrulw| wkdw lv jlyhq wr lw1 Gdwd hqyhorsphqw
dqdo|vlv +GHD, dsshduv sduwlfxoduo| zhoo vxlwhg wr rewdlq vxfk v|qwkhwlf lqglfdwruv1 Wkh remhfwlyh
ri wklv vwxg| frqvlvwv lq frpsdulqj gl￿huhqw GHD0edvhg phdvxuhv wkhruhwlfdoo| +vhfwlrq 5, dv zhoo dv
hpslulfdoo| +vhfwlrq 6,/ frpsdulqj wkh uhvxowv rewdlqhg iru d vdpsoh ri 53 RHFG frxqwulhv ryhu wkh
shulrg 4<<504<<91 Wkh pdlq ￿qglqjv duh uhsurgxfhg lq d ￿qdo vhfwlrq1
51 GHD0edvhg v|qwkhwlf shuirupdqfh lqglfdwruv
Krz frxog srolf| zhljkwv eh ghwhuplqhg zkhq rqo| dvvxplqj wkdw wkh| vkrxog vxp xs wr rqhB
Rqh zd| lv wr orrn dw zkdw jryhuqphqwv ghfoduh dv ehlqj wkhlu srolf| remhfwlyhv ^Pho|q hq Prhvhq
+4<<4,‘1 E| h{dplqlqj wkh r!fldo jryhuqphqw phprudqgd/ zklfk ghvfuleh wkh vwdwhg srolf| remhf0
wlyhv/ zhljkwv frxog eh ghulyhg rq wkh edvlv ri wkh sodfh dqg wkh vsdfh rffxslhg e| hdfk remhfwlyh/
khuhe| dvvxplqj wkdw pruh lpsruwdqw jrdov duh wr eh irxqg lq wkh ehjlqqlqj dqg zloo eh pruh
ghyhorshg1
Wklv surfhgxuh lv wlph frqvxplqj dqg uhtxluhv d orw ri lqirupdwlrq1 Pruhryhu/ wkhuh lv wkh pruh
5ixqgdphqwdo sureohp wkdw sxeolfo| vwdwhg remhfwlyhv gr qrw dozd|v frlqflgh zlwk wkh wuxh frqylfwlrqv
ri wkh srolf| pdnhuv1 Vwdwhg suhihuhqfhv pd| ghyldwh iurp uhyhdohg suhihuhqfhv1 Wkhuhiruh dqrwkhu
olqh ri dssurdfk lv iroorzhg/ zkhuh xvh lv pdgh ri GHD prghov1 GHD/ ￿uvw lqwurgxfhg e| Fkduqhv/
Frrshu dqg Ukrghv +4<:; dqg 4<:<,/ lv d olqhdu surjudpplqj whfkqltxh zklfk lv fkdudfwhulvhg
e| ehqh￿w ri wkh grxew zhljkwlqj1 Wkdw lv/ li d frxqwu| shuirupv +uhodwlyho|, zhoo lq d sduwlfxodu
pdfurhfrqrplf glphqvlrq/ wkhq d kljk uhodwlyh zhljkw lv dffrughg wr wkdw glphqvlrq1 Uhphpehu
wkdw v|qwkhwlf lqglfdwruv lq idfw dlp dw phdvxulqj wkh pdfurhfrqrplf srolf| shuirupdqfh1 Dv vxfk/
ehqh￿w ri wkh grxew zhljkwlqj uh hfwv wkh dvvxpswlrq wkdw jrrg shuirupdqfh uh hfwv kljk srolf|
sulrulw|1 Wklv grhv qrw vhhp dq xquhdvrqdeoh k|srwkhvlv/ jlyhq wkh sureohpv dvvrfldwhg zlwk wkh
dowhuqdwlyh1
Qrwh/ krzhyhu/ wkdw GHD prghov ljqruh wkh srvvlelolw| ri dv|pphwulf vkrfnv ^vhh Hdvwhuo|/ Nuh0
phu/ Sulwfkhww dqg Vxpphuv +4<<6,‘1 Rqh vkrxog wkxv uhpdlq fdxwlrxv lq lqwhusuhwlqj wkh frpsxwhg
zhljkwv dqg dghtxdwh lqirupdwlrq derxw h{rjhqrxv vkrfnv lv ghvludeoh1 Rq wkh rwkhu kdqg/ GHD
prghov frxog dovr frqvwlwxwh xvhixo lqvwuxphqwv lq dqdo|vlqj wkh h￿hfwv ri dv|pphwulf vkrfnv1 E|
vwxg|lqj d shulrg ehiruh dqg diwhu d sduwlfxodu vkrfn ru hyhqw/ rqh frxog lghqwli| wkh h￿hfwv lw jhq0
hudwhg1 Dq h{dpsoh lv surylghg e| Prhvhq dqg Fkhufk|h +4<<:,/ zkr frpsduhg wkh shuirupdqfh ri
wzhqw| RHFG frxqwulhv/ kdoi ri zklfk ehorqjhg wr wkh Hxurshdq Xqlrq/ lq wkh txlqtxhqqldo shul0
rgv ehiruh dqg diwhu wkh Pddvwulfkw Wuhdw| vr dv wr dqdo|vh wkh lpsdfw ri sxuvxlqj wkh Pddvwulfkw
frqyhujhqfh fulwhuld rq ryhudoo hfrqrplf shuirupdqfh dqg srolf| sulrulwlhv1
GHD zdv ruljlqdoo| ghyhorshg iru rshudwlrqdo uhvhdufk/ lq sduwlfxodu h!flhqf| phdvxuhphqw1
Shuirupdqfh hydoxdwlrq dv lw lv dssolhg khuh ghyldwhv iurp h!flhqf| hydoxdwlrq lq wkdw rqo| rxwsxwv
duh uhjdughg dqg lqsxwv duh qr orqjhu uhohydqw1 Rqh rqo| frqvlghuv wkh uhvxowv dqg wkh zd| lq zklfk
wkhvh duh dfklhyhg lv xqlpsruwdqw1 Lq idfw rqh phdvxuhv h!flhqf| zlwk lqsxwv sxw htxdo iru doo
revhuydwlrqv +lq fdvx frxqwulhv,1 Wklv erlov grzq wr doo uhihuhqfh wr lqsxwv ehlqj rplwwhg lq wkh
ruljlqdo prghov1
Wkh nlqg ri prghov dguhvvhg lq wklv sdshu pxvw wkxv eh glvwlqjxlvkhg iurp wkrvh xvhg wr dqdo|vh
wkh pdfurhfrqrplf h!flhqf| +ru surgxfwlylw|, ri frxqwulhv dv lq wkh vwxg| e| I￿uh/ Jurvvnrsi/
Qruulv dqg ]kdqj +4<<7,/ zkhuh GHD zdv xvhg wr frqvwuxfw d surgxfwlylw| lqgh{ iru 4: RHFG
frxqwulhv1 JGS zdv hpsor|hg dv djjuhjdwh rxwsxw phdvxuh dqg fdslwdo vwrfn dqg hpsor|phqw
dv djjuhjdwh lqsxw phdvxuhv1 Eurfnhww/ Jrodq| dqg Ol +4<<9, glg d vlplodu h{huflvh/ xvlqj wkh
vdph lqsxw dqg rxwsxw lqglfdwruv1 Wkhvh dxwkruv vwxglhg wkh udwlr ehwzhhq djjuhjdwh rxwsxw dqg
lqsxw1 Wkh gl￿huhqfh zlwk pdfurhfrqrplf shuirupdqfh phdvxuhphqw lv fohdu1 Surgxfwlylw| vwxglhv
h{dplqh wkh h!flhqf| ri wkh wrwdo hfrqrp|/ zkhuhdv vwxglhv derxw pdfurhfrqrplf shuirupdqfh vhhn
wr lghqwli| wkrvh frxqwulhv zklfk dfklhyh wkh ehvw srolf| uhvxowv/ zkhwkhu wkhvh uhvxowv duh dwwdlqhg
lq d +srolwlfdoo|, h!flhqw zd| ru qrw1
Ehiruh vwduwlqj zlwk wkh vwxg| ri wkh prghov/ ohw ph ￿uvw lqwurgxfh vrph qrwdwlrq1 Wkh wrwdo
qxpehu ri frxqwulhv lv ghqrwhg e| q1 Wkh uhdo JGS0jurzwk udwh zloo eh uhsuhvhqwhg e| |/w k h
xqhpsor|phqw udwh e| x/ wkh lq dwlrq udwh e| s dqg wkh vxusoxv ru gh￿flw rq wkh fxuuhqw dffrxqw dv
d shufhqwdjh ri JGS e| i1
5141 OLPHS 4
Wkh ￿uvw v|qwkhwlf shuirupdqfh phdvxuh wkdw zloo eh wuhdwhg lv wkh OLPHS 4 ^Pho|q dqg Prhvhq
+4<<4, dqg Prhvhq dqg Fkhufk|h +4<<:,‘1 OLPHS vwdqgv iru Ohxyhq Lqgh{ ri Pdfurhfrqrplf
Shuirupdqfh1 Wkh prgho xvhg lv qrw uhdoo| d GHD prgho/ exw lw h{suhvvhv wkh vdph lghd ri ehqh￿w
ri wkh grxew zhljkwlqj1 Wkh frqvwuxfwlrq ri wkh OLPHS 4 surfhhgv lq wzr vwhsv1 Lq d ￿uvw vwhs wkh
ruljlqdo gdwd duh qrupdolvhg1 Dw wkh vdph wlph wkh hfrqrplf cedgv* +xqhpsor|phqw dqg lq dwlrq, duh
frqyhuwhg lqwr cjrrgv*1 Wkh ydoxhv ri wkh qrupdolvhg lqglfdwruv zloo ydu| ehwzhhq }hur dqg rqh/ }hur
fruuhvsrqglqj wr wkh zruvw shuirupdqfh lq wkh vdpsoh dqg rqh fruuhvsrqglqj wr wkh ehvw shuirupdqfh1
Kljkhu qxphulfdo ydoxhv uh hfw ehwwhu uhodwlyh shuirupdqfh1 Wkh qrupdolvhg frxqwhusduwv ri |/ s/ x
6dqg i duh ghqrwhg e| uhvshfwlyho| |q/ sq/ xq dqg iq1 Li vxevfulsw cplq* uhihuv wr wkh orzhvw lqglfdwru
ydoxh ryhu doo frxqwulhv lq wkh vdpsoh dqg vxevfulsw cpd{* wr wkh kljkhvw lqglfdwru ydoxh/ wkhq iru





















Wkh odvw vwhs frqvlvwv lq dffruglqj zhljkwv wr wkh irxu pdfurhfrqrplf glphqvlrqv1 Khuh lw lv
dvvxphg wkdw sulrulwlhv duh dwwulexwhg1 Wklv lghd lv h{suhvvhg e| lpsrvlqj wkdw hdfk remhfwlyh
vkrxog jhw d zhljkw ri hlwkhu 3143/ 3153/ 3163 ru 31731 Wkh kljkhvw zhljkw +3173, vkrxog eh dwwdfkhg
wr wkh glphqvlrq iru zklfk wkh frxqwu| xqghu frqvlghudwlrq shuirupv uhodwlyho| ehvw/ wkh zhljkw 3163
vkrxog eh jlyhq wr wkh glphqvlrq iru zklfk uhodwlyh shuirupdqfh lv vhfrqg ehvw/ dqg vr rq1 Wkh
iroorzlqj prgho vkrxog wkhq eh vroyhg iru hdfk frxqwu| l +OLPHS 4,=
pd{
d4l>d 5l>d 6l>d 7l
OLPHS 4l @ d4l |q
l . d5l sq
l . d6l xq
l . d7l iq
l
v=w=
d4l . d5l . d6l . d7l @4
dml . dnl ￿ 3=63 m>n @4 >5>6>7 m 9@ n
3=73 ￿ dml ￿ 3=43 m @4 >5>6>7
Wkh jhqhurvlw| ri wkh prgho lv lpphgldwh1 Wkh zhljkwv d4l/ d5l/ d6l dqg d7l duh fkrvhq lq vxfk d
zd| wkdw qr rwkhu srvvleoh frpelqdwlrq ri zhljkwv zrxog |lhog d kljkhu ydoxh iru wkh OLPHS 41 Wkh
surjudp lv vroyhg iru hdfk frxqwu|1 Wkh ydoxh ri wkh OLPHS 4 zloo dozd|v eh ehwzhhq }hur dqg rqh1
Wkh prgho lv udwkhu vlpsoh dqg yhu| lqwxlwlyh/ zklfk duh wzr lpsruwdqw txdolwlhv1 Wkh dvvxpswlrq
wkdw sulrulwlhv vkrxog eh dwwulexwhg lv pruh sureohpdwlf1 Vrph frxqwulhv shuirup htxdoo| zhoo lq pruh
wkdq rqh glphqvlrq1 H1j1/ rqh frxqwu| pd| dv zhoo kdyh wkh orzhvw xqhpsor|phqw udwh dv wkh kljkhvw
jurzwk udwh1 Lq wklv fdvh rqh vkrxog lq idfw dwwdfk dq htxdo zhljkw ri 3168 wr erwk lqglfdwruv1 Wklv
srvvlelolw| lv qrw h{foxghg d sulrul e| wkh irupxodwlrq ri wkh prgho1 Exw zkhwkhu 3168 zloo eh vhohfwhg
dv wkh zhljkw iru wkh wzr lqglfdwruv lqvwhdg ri wkh zhljkwv 3163 dqg 3173 ghshqgv rq wkh dojrulwkp
wkdw lv iroorzhg1
Qrwh wkdw hyhq zkhq d fohdu udqnlqj ehwzhhq wkh vhyhudo glphqvlrqv fdq eh pdgh/ wkhuh lv qr d
sulrul uhdvrq zk| hdfk zhljkw vkrxog eh 3143/ 3153/ 3163 ru 31731 Wkh prgho irupxodwlrq/ wkrxjk/
irufhv wkh zhljkw 3173 wr eh dffrughg wr wkh lqglfdwru iru zklfk wkh frxqwu| xqghu frqvlghudwlrq
shuirupv uhodwlyho| ehvw/ wkh zhljkw 3163 wr eh dwwdfkhg wr wkh lqglfdwru iru zklfk wkh frxqwu|*v
uhodwlyh shuirupdqfh lv vhfrqg ehvw/ dqg vr rq1 Wkh lqhtxdolwlhv lq wkh prgho gh idfwr ehfrph
htxdolwlhv1 Lq uhdolw| lw frxog htxdoo| zhoo eh wkdw iru rqh frxqwu| uhdo jurzwk jhwv d zhljkw ri/ vd|/
3148/ xqhpsor|phqw d zhljkw ri 314;/ lq dwlrq d zhljkw ri 3179 dqg/ ￿qdoo|/ wkh fxuuhqw dffrxqw d
zhljkw ri 31541 Wkh idfw wkdw wklv srvvlelolw| lv qrw fdswxuhg e| wkh prgho fdq eh uhjdughg dv d
zhdnqhvv1
5151 OLPHS 5
Pho|q hq Prhvhq +4<<4, dovr sursrvhg dqrwkhu v|qwkhwlf lqglfdwru/ yl}1 wkh OLPHS 51 Wkh OLPHS 5
prgho lv edvhg rq wkh lqsxw rulhqwhg FFU prgho ^Fkduqhv/ Frrshu dqg Ukrghv 4<:; dqg 4<:<‘1 Wklv
7prgho zdv ruljlqdoo| frqvwuxfwhg wr surylgh d cehvw sudfwlfh hqyhorsh* lq dq lqsxw0rxwsxw vhwwlqj/
dvvxplqj frqvwdqw uhwxuqv wr vfdoh1 Wkh odwwhu lv ri frxuvh rqo| dq dssursuldwh frqfhsw zkhq rqh
lv zrunlqj zlwk surgxfwlrq ixqfwlrqv1 Li rqo| rxwsxwv duh frqvlghuhg/ wkh dvvxpswlrq pxvw eh
uhlqwhusuhwhg dqg wklv fuhdwhv d ixqgdphqwdo sureohp/ dv zloo eh vkrzq ehorz1
Wr fdofxodwh wkh OLPHS 5 rqh zrunv zlwk wkh ruljlqdo gdwd1 Wkh hfrqrplf cedgv*/ s dqg x/ jhw d
qhjdwlyh vljq lq wkh remhfwlyh ixqfwlrq1 Wkh zhljkwv vwloo kdyh wr vxp xs wr rqh/ exw duh ohvv uhvwulfwhg
wkdq ehiruh1 Wkh rqo| uhvwulfwlrq lv wkdw wkh| vkrxog eh dw ohdvw 3143/ zklfk fuhdwhv d juhdwhu odwlwxgh1
Lw vhhpv lqwxlwlyho| fohdu wkdw vrph orzhu erxqg vkrxog eh uhvshfwhg e| wkh zhljkwv15 Lw lv lqghhg
qrw yhu| suredeoh wkdw frxqwulhv dwwdfk dq htxdo zhljkw wr hdfk remhfwlyh/ exw lw lv shukdsv hyhq
ohvv olnho| wkdw rqh remhfwlyh jhwv d zhljkw ri/ vd|/ 31<< zkloh doo wkh rwkhu remhfwlyhv wrjhwkhu jhw d
zhljkw ri rqo| 31341 Wkh idfw wkdw zhljkwv fdq eh fkrvhq pruh iuhho| dsshduv wr eh dq lpsuryhphqw
ryhu wkh prgho lq wkh suhylrxv vhfwlrq1 Wkh olqhdu surjudpplqj sureohp/ zklfk vkrxog djdlq eh
vroyhg iru hdfk frxqwu| l/ fdq eh zulwwhq dv +OLPHS 5,=
pd{
e4l>e 5l>e 6l>e 7l
OLPHS 5l @ e4l |l ￿ e5l sl ￿ e6lxl . e7lil
v=w=
e4l |n ￿ e5l sn ￿ e6lxn . e7lin ￿ 4 n @4 >===>q +518,
e4l . e7l . e6l . e7l @4 +519,
eml ￿ 3=43 m @4 >5>6>7
Lqwxlwlrq lv vwudljkwiruzdug1 Wkh idfw wkdw zhljkwv duh frpsxwhg vr wkdw wkh kljkhvw srvvleoh
OLPHS 5 ydoxh lv dfklhyhg iru wkh frxqwu| xqghu frqvlghudwlrq uh hfwv wkh lghd ri ehqh￿w ri wkh grxew
zhljkwlqj1 E| vroylqj wkh prgho iru hdfk frxqwu| zh jhw d uhodwlyh udqnlqj1 Wkh ehvw shuiruphuv
jhw d OLPHS 5 vfruh ri rqh1 Lq jhqhudo/ wkh ryhudoo shuirupdqfh ri dq hfrqrp| lv ehwwhu wkh forvhu
wkh vfruh jhwv wr rqh1 Uhpdun wkdw wkh ydoxh ri wkh OLPHS 5 fdq eh qhjdwlyh/ iru lw lv qrw erxqghg
ehorz1 Wklv kdv vrph frqvhtxhqfhv iru wkh lqwhusuhwdwlrq ri wkh OLPHS 5 vfruh/ zklfk kdyh wr gr
zlwk wkh udgldo qdwxuh ri wkh FFU prgho1
Lq dq lqsxw0rxwsxw vhwwlqj/ udgldo prghov vhhn iru hdfk revhuydwlrq wkh ydoxh zklfk jlyhv wkh
htxlsursruwlrqdwh h{sdqvlrq lq doo rxwsxwv +rxwsxw rulhqwdwlrq, ru uhgxfwlrq lq doo lqsxwv +lqsxw
rulhqwdwlrq,/ uhtxluhg wr dfklhyh sdulw| zlwk wkh ehvw sudfwlfh revhuyhg lq wkh vdpsoh1 Qrz/ krzhyhu/
wkh OLPHS 5 ydoxh fdq eh qhjdwlyh dqg lw vhhpv gl!fxow wr lqwhusuhw wkh OLPHS 5 vfruhv1 Qrupdoo|
qhjdwlyh rxwsxw ydoxhv duh qrw lpsohphqwhg gluhfwo| lqwr d udgldo prgho/ dqg lw dsshduv wkdw wklv lv
qrw dq dghtxdwh surfhgxuh1
Vxssrvh iru wkh prphqw wkdw wklv sureohp frxog eh ryhufrph e| xvlqj dowhuqdwlyhv |￿/ s￿/ x￿
dqg i￿ lqvwhdg ri |/ s/ x dqg i/z l w k|￿/ s￿/ x￿ dqg i￿ rqo| wdnlqj srvlwlyh ydoxhv dqg fdq doo eh
lqwhusuhwhg dv jrrgv +vr wkdw zh rqo| kdyh soxv vljqv lq wkh remhfwlyh ixqfwlrq,1 Qrwh wkdw |￿ dqg
i￿ duh qrw mxvw wudqvodwlrqv ri | dqg i/ dv udgldo prghov duh qrw wudqvodwlrq lqyduldqw +vhh h1j1 Dol
dqg Vhlirug +4<<3,,1 Xvlqj wkhvh qhz phdvxuhv lq wkh OLPHS 5 prgho/ uhvwulfwlrq +519, ehfrphv




l , htxdov +5>4>6>5,1
Lw lv fohdu wkdw lq wklv fdvh +518, dqg +519, fdqqrw eh vdwlv￿hg vlpxowdqhrxvo|1 Rq wkh rwkhu kdqg/
li doo |￿/ s￿/ x￿ dqg i￿ ydoxhv zhuh zlwklq wkh lqwhuydo +3>4‘/ wkhq uhvwulfwlrq +518, zrxog qr orqjhu
eh elqglqj ehfdxvh ri +519, dqg wkh pd{lplvdwlrq surfhgxuh zrxog ehfrph wulyldo1 Fohduo|/ rwkhu
frqvwudlqwv vkrxog eh xvhg wr lpsrvh xsshu erxqgv rq wkh zhljkwv1 Rqh frxog iru h{dpsoh uhsodfh
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E| frq￿qlqj rqhvhoi wr vwulfwo| srvlwlyh gdwd hqwulhv dqg e| xvlqj dssursuldwh zhljkw uhvwulfwlrqv
wkh lqsxw rulhqwhg FFU prgho fdq eh vdyhg1 Exw/ dv lqsxwv duh uhjdughg wr eh luuhohydqw lq wkh
8fxuhuhqw vhwwlqj/ dq rxwsxw rulhqwhg prgho zrxog frqvwlwxwh d ehwwhu dowhuqdwlyh1 D ixqgdphqwdo
sureohp wkhq dulvhv iru wkh FFU prgho/ ri zklfk wkh rxwsxw rulhqwhg yhuvlrq orrnv dv iroorzv=6
pd{
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Wkh uhvxowlqj rxwsxw shuirupdqfh phdvxuh htxdov rqh iru wkh ehvw shuiruphuv/ dqg lv deryh rqh
iru zruvh shuiruphuv1 Reylrxvo|/ vroylqj wklv prgho zrxog dozd|v jlyh d }l ydoxh ri 41 Wkh uhdvrq
lv wkdw lqsxw uhvwulfwlrqv duh rplwwhg iurp wkh ruljlqdo FFU prgho1 Krz vkrxog wklv gl!fxow| eh
frshg zlwkB Rqh zd| lv wr dgg ixuwkhu uhvwulfwlrqv rq wkh ￿*v1 Dq lqwhuhvwlqj fkrlfh lv wkh frqyh{lw|
frqvwudlqw
S
n ￿n @4 / zklfk |lhogv wkh EFF prgho ^Edqnhu/ Fkduqhv dqg Frrshu +4<;7,‘1 Lq dq
lqsxw0rxwsxw vhwwlqj wkh frqyh{lw| frqvwudlqw uhsuhvhqwv wkh dvvxpswlrq ri yduldeoh uhwxuqv wr vfdoh1
Lq wkh fxuuhqw frqwh{w wklv dvvxpswlrq vkrxog eh lqwhusuhwhg dv d yduldeoh cwudgh0r￿* ehwzhhq wkh
vhyhudo rxwsxwv ru pdfurhfrqrplf vhuylfhv/ zklfk dsshduv uhdolvwlf1 Uhpdun wkdw wkh srvvlelolw| ri
d frqvwdqw wudgh0r￿ lv qrw h{foxghg1 Qr d sulrul dvvxpswlrq derxw wkh qdwxuh ri wkh wudgh0r￿v kdv
wr eh pdgh1
Wkhuh vwloo uhpdlqv d ￿qdo sureohp frqfhuqlqj wkh udgldo qdwxuh ri wkh prgho/ zklfk iroorzv iurp
wkh suhvhqfh ri vodfnv1 Li wkhvh vodfnv duh lqvljql￿fdqwo| vpdoo dqg gr qrw v|vwhpdwlfdoo| rffxu/ wklv
lv rqo| d plqru sureohp1 Oryhoo dqg Sdvwru +4<<8, irxqg/ krzhyhu/ zkhq dso|lqj wkh EFF prgho/
wkdw wklv lv qrw wkh fdvh iru pdfurhfrqrplf shuirupdqfh phdvxuhphqw1 Vodfnv glg qrw rqo| dsshdu
iuhtxhqwo|/ wkh| zhuh dovr odujh lq pdq| lqvwdqfhv1 Wklv kdv fohdu lqwxlwlrq= frxqwulhv pd| shuirup
uhodwlyho| zhoo lq vrph pdfurhfrqrplf srolf| glphqvlrqv zkloh wkhuh lv rqo| d srru shuirupdqh zlwk
uhvshfw wr rwkhu glphqvlrqv1 Reylrxvo|/ lq vxfk fdvhv lw grhv vhhp kdug wr ghihqg wkdw d phdvxuh
fdswxulqj wkh pd{lpxp htxlsursruwlrqdwh h{sdqvlrq lq doo rxwsxwv zloo dghtxdwho| uh hfw wkh ryhudoo
hfrqrplf srolf| shuirupdqfh1 Iru wklv uhdvrq wkh| sursrvhg d qrq0udgldo prgho/ zklfk zloo eh wkh
vxemhfw ri wkh qh{w vxevhfwlrq1
5161 JHP
Wkh qrq0udgldo prgho sursrvhg e| Oryhoo dqg Sdvwru +4<<8, lv wkh h{whqghg dgglwlyh GHD prgho/
lqwurgxfhg e| Fkduqhv/ Frrshu/ Urxvvhdx dqg Vhpsoh +4<;:,1 Wkh vdph prgho zdv xvhg e| Oryhoo/
Sdvwru dqg Wxuqhu +4<<8,1 Uhodwlyh vodfnv duh lpsohphqwhg gluhfwo| lqwr wkh remhfwlyh ixqfwlrq1 Dv
ehiruh wkh |/ s/ x dqg i duh vxevwlwxwhg iru e| dssursuldwh dowhuqdwlyhv |￿/ s￿/ x￿ dqg i￿1 Wkh prgho
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Hdfk frxqwu| zklfk lv qrw cehvw sudfwlfh* lv frpsduhg wr d Sduhwr h!flhqw uhihuhqfh srlqw1 Reyl0
rxvo|/ wkh gl!fxow| zlwk wkh deryh sureohp lv wkdw wkh remhfwlyh +51:, odfnv d qdwxudo lqwhusuhwdwlrq
dv d uhodwlyh h!flhqf| phdvxuh1 Lw lv }hur iru dq h!flhqw revhuydwlrq dqg srvlwlyh iru dq lqh!flhqw
revhuydwlrq/ exw qr uhdo phdqlqj dwwdfkhv wr wkh pdjqlwxgh ri d srvlwlyh ydoxh/ vlqfh wkh remhfwlyh lv
xqerxqghg deryh1 Wkhuhiruh Oryhoo dqg Sdvwru uhsodfhg +51:, zlwk d qhz remhfwlyh/ rqh zklfk kdv

























JHP vwdqgv iru Joredo H!flhqf| Phdvxuh1 Fohduo|/ wkh JHP fdq eh rewdlqhg lqgluhfwo| iurp
wkh vroxwlrq ri wkh +olqhdu, h{whqghg dgglwlyh prgho deryh1 Wkh JHP ydoxh htxdov rqh li dqg rqo|
li wkh frxqwu| xqghu frqvlghudwlrq lv vlwxdwhg rq wkh +Sduhwr h!flhqw, ehvw sudfwlfh iurqwlhu ru/ lq
rwkhu zrugv/ li doo vodfnv duh }hur1 Ydoxhv ydu| zlwklq wkh lqwhuydo ‘3>4‘1
Lq wkh deryh prgho qr orzhu erxqg lv lpsrvhg rq wkh uhodwlyh zhljkwv dwwulexwhg wr wkh vhyhudo
pdfurhfrqrplf remhfwlyhv/ zkloh wkh srvvlelolw| ri lpsruwlqj uhvwulfwlrqv rq wkh srolf| zhljkwv vhhpv
ghvludeoh1 Lq rughu wr hydoxdwh wklv srvvlelolw| wkh gxdo irupxodwlrq ri wkh deryh prgho vkrxog eh
frqvlghuhg1 Diwhu frqyhuwlqj wkh rewdlqhg plqlplvdwlrq sureohp lqwr d pd{lplvdwlrq sureohp/ zh
jhw +JHP0gxdo,=
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Ehfdxvh ri wkh gxdolw| wkhruhp ri olqhdu surjudpplqj/ lw krogv wkdw ￿￿
l @+ ￿t￿
l ,/ zkhuh wkh
vxshuvfulsw +￿, ghqrwhv dq rswlpdo ydoxh1 Wkh whup ’l lv dvvrfldwhg zlwk wkh frqyh{lw| frqvwudlqw lq
wkh JHP0sulpdo prgho dqg ghwhuplqhv wkh lqwhufhsw ri wkh k|shusodqh uhsuhvhqwhg e| wkh remhfwlyh
ixqfwlrq ^Vhlirug dqg Wkudoo +4<<3,‘1
Fohduo|/ orzhu erxqgv ri wkh rxwsxw zhljkwv zloo gl￿hu iru gl￿huhqw revhuydwlrqv/ zklfk lpsolhv
wkdw rqh fdqqrw lpsrvh sduwlfxodu orzhu erxqg zhljkw ydoxhv olnh lq wkh OLPHS 5 prgho1 Wklv
dsshduv wr eh d gudzedfn1 Lq wkh qh{w vxevhfwlrq dqrwkhu prgho zloo eh sursrvhg wr frqvwuxfw d
v|qwkhwlf shuirupdqfh lqglfdwru/ yl}1 wkh OLPHS 6/ zklfk grhv qrw vx￿hu iurp wklv lqfrqyhqlhqfh1
5171 OLPHS 6
Iurp deryh zh fdq ghulyh wzr frqglwlrqv wkdw vkrxog eh phw e| wkh GHD prgho xvhg wr frpsxwh
d v|qwkhwlf pdfurhfrqrplf shuirupdqfh lqglfdwru1 Iluvw/ wkh prgho vkrxog eh qrq0udgldo/ iru wkh
suhvhqfh ri vodfnv lq udgldo prghov dsshduv wr eh sureohpdwlf1 Ixuwkhu/ wkh prgho vkrxog doorz iru
lpsrvlqj uhvwulfwlrqv rq wkh srolf| zhljkwv1 D GHD prgho zklfk vdwlv￿hv erwk frqglwlrqv lv wkh
dgglwlyh prgho/ ghyhorshg e| Fkduqhv/ Frrshu/ Jrodq|/ Vhlirug dqg Vwxw} +4<;8,1 Iru hdfk frxqwu|
l/ wkh prgho fdq eh irupdoo| h{suhvvhg dv=
plq
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+51;, kdv dq dqdorjrxv lqwhusuhwdwlrq dv +51:,1 Wkh rqo| gl￿huhqfh lv wkdw wkh remhfwlyh ixqfwlrq
+51;, htxdov wkh vxp ri devroxwh vodfnv lqvwhdg ri uhodwlyh vodfnv1 Wklv lpsolhv/ lq rughu wr wuhdw hdfk
glphqvlrq rq htxdo irrwlqj/ wkdw wkh irxu ruljlqdo yduldeohv vkrxog eh uhsodfhg e| dowhuqdwlyhv zklfk
duh h{suhvvhg lq wkh vdph vfdoh1 Wkhuhiruh xvh lv pdgh ri wkh qrupdolvhg yduldeohv |q/ sq/ xq dqg
iq +fi1 +514, wr +517,,1
Vxssrvh rqh zdqwv wr holplqdwh odujh gl￿huhqfhv ehzhhq uhodwlyh zhljkwv/ dvvxplqj iru h{dpsoh
wkdw lq uhdolw| hdfk srolf| remhfwlyh jhwv d uhodwlyh zhljkw ri dw ohdvw whq shufhqw1 Zkhq zhljkw
uhvwulfwlrqv duh wr eh lpsrvhg wkh gxdo irupxodwlrq ri wkh dgglwlyh prgho vhhpv pruh vxlwdeoh1 Lw
orrnv dv iroorzv iru hdfk frxqwu| l +dgglwlyh0gxdo,=
pd{
j4l>j 5l>j 6l>j 7l>’l
zl @ j4l |q
l . j5l sq
l . j6lxq
l . j7liq
l . ’l +51<,
v=w=
j4l |q
n . j5l sq
n . j6lxq
n . j7liq
n . ’l ￿ 3 n @4 >==>q
jml ￿ 4 m @4 >5>6>7
’l @ iuhh
Djdlq/ wkh gxdolw| wkhruhp jxdudqwhhv wkdw y￿
l @ z￿
l / zlwk +￿, ghqrwlqj dq rswlpdo ydoxh1 Hqvxu0
lqj wkdw uhodwlyh zhljkwv duh qrw ehorz whq shufhqw +OLPHS 6,=
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Lqfoxglqj orzhu erxqg zhljkw ydoxhv 3143 lqvwhdg ri 4 rqo| fkdqjhv wkh vfdoh ri wkh remhfwlyh
ixqfwlrq ydoxh1 Ehfdxvh qrupdolvhg ydoxhv duh xvhg/ wkh vroxwlrq ri wkh deryh prgho zloo dozd|v
olh zlwklq wkh lqwhuydo ^￿5
8>3‘1 Lw zloo eh }hur iru wkh ehvw shuiruphuv/ dqg wkh pruh lw lv ehorz
}hur wkh zruvh wkh ryhudoo hfrqrplf dfklhyhphqw1 Wkh prgho surgxfhv wkh orzhvw srvvleoh remhfwlyh
ixqfwlrq ydoxh iru d frxqwu| zklfk shuirupv zruvw lq doo pdfurhfrqrplf glphqvlrqv li dqg rqo|
li dqrwkhu frxqwu| lq wkh vdpsoh shuirupv ehvw lq doo pdfurhfrqrplf glphqvlrqv1 Wklv kdv fohdu
lqwxlwlrq= d frxqwu| shuirupv zruvw lq doo glphqvlrqv/ dowkrxjk dqrwkhu frxqwu|/ dfwlqj xqghu vlplodu
flufxpvwdqfhv +zklfk lv d sulrul dvvxphg,/ suryhv wkdw lw lv srvvleoh wr shuirup ehvw lq doo glphqvlrqv1
;Fohduo|/ d frxqwu| fdqqrw shuirup dq| zruvh +jlyhq wkh vdpsoh,/ dqg vr wkh iruphu jhwv wkh orzhvw
srvvleoh vfruh1
Iru lqwhusuhwdwlrqdo frqyhqlhqfh/ zh zrxog olnh wkh ydoxhv wr olh ehwzhhq }hur dqg rqh1 Wklv lv ri
frxuvh hdvlo| rewdlqhg e| qrupdolvlqj remhfwlyh +5143, lq wkh iroorzlqj zd|=
pd{
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Zh jhw d prgho wkdw lqfrusrudwhv vrph dwwudfwlyh surshuwlhv1 Lw fdswxuhv wkh dvvxpswlrq wkdw
wkhuh lv d yduldeoh wudgh0r￿ ehwzhhq vhyhudo pdfurhfrqrplf remhfwlyhv dqg lw doorzv wr lpsohphqw
dvvxpswlrqv derxw uhdolvwlf udqjhv ri srolf| zhljkwv1 Pruhryhu/ wkh prgho lv qrq0udgldo zklfk ghdov
zlwk wkh hpslulfdo remhfwlrqv sxw iruzdug djdlqvw wkh xvh ri udgldo GHD prghov1 Ilqdoo|/ lw surgxfhv
shuirupdqfh vfruhv ehwzhhq }hur dqg rqh/ zlwk kljkhu vfruhv fruuhvsrqglqj wr ehwwhu shuirupdqfh1
5181 Glvfxvvlrq
Irxu prghov wr frqvwuxfw dq xqhtxdoo| zhljkwhg v|qwkhwlf pdfurhfrqrplf shuirupdqfh lqglfdwru
kdyh ehhq glvfxvvhg1 Wkh ￿uvw wkuhh prghov zhuh wdnhq iurp wkh h{lvwlqj olwhudwxuh dqg wkh irxuwk
rqh zdv dq rzq sursrvdo1 Wkh OLPHS 4 prgho fdswxuhv wkh edvlf lghd ri GHD prghov dv lw lv
fkdudfwhulvhg e| ehqh￿w ri wkh grxew zhljkwlqj1 Lw frqfhuqv d vlpsoh prgho zlwk fohdu lqwxlwlrq1 Wkh
rqo| lqfrqyhqlhqfh lv wkdw/ wr fdofxodwh OLPHS 4 vfruhv/ sulrulwlhv vkrxog eh dwwulexwhg h{rjhqhrxvo|/
uh hfwhg e| wkh frqglwlrq wkdw zhljkwv vkrxog wdnh ydoxhv ri hlwkhu 3143/ 3153/ 3163 ru 31731
Wkh rwkhu wkuhh prghov duh pruh vrsklvwlfdwhg1 Wkh OLPHS 5 prgho lv edvhg rq wkh lqsxw0
rulhqwhg FFU prgho1 Wklv lv douhdg| d ￿uvw lqfrqyhqlhqfh/ dv zh duh phdvxulqj shuirupdqfh dqg
lqsxwv duh uhjdughg wr eh luuhohydqw1 Pruhryhu wkh OLPHS 5 ydoxhv odfn d fohdu lqwhusuhwdwlrq dv
wkh| fdq eh qhjdwlyh1 Ilqdoo|/ wkh prgho lv udgldo dqg wkxv jlyhv ulvh wr vodfnv zklfk dsshdu wr eh
sureohpdwlf lq pdfurhfrqrplf shuirupdqfh phdvxuhphqw1
Wkdw*v zk| wkh qrq0udgldo JHP dqg OLPHS 6 prghov kdyh ehhq lqwurgxfhg1 Wkh JHP prgho
dovr fdswxuhv wkh dvvxpswlrq ri d yduldeoh wudgh0r￿ ehwzhhq wkh vhyhudo pdfurhfrqrplf vhuylfhv1
Exw lw grhv qrw doorz iru lpsrvlqj sduwlfxodu orzhu erxqg ydoxhv rq wkh srolf| zhljkwv1 Wkh OLPHS
6 prgho/ zklfk lv dovr fkdudfwhulvhg e| wkh dvvxpswlrq ri d yduldeoh wudgh0r￿/ grhv qrw vx￿hu iurp
wklv lqfrqyhqlhqfh1 Lw surgxfhv OLPHS 6 vfruhv/ zklfk/ olnh wkh JHP vfruhv/ kdyh wkh dwwudfwlyh
surshuw| ri o|lqj ehwzhhq }hur dqg rqh/ zlwk orzhu vfruhv fruuhvsrqglqj wr zruvh shuirupdqfh1
Lq idfw wkh gl￿huhqw prghov uh hfw sduwlfxodu dvvxpswlrqv derxw wkh glvwulexwlrq ri srolf| zhljkwv1
Lqwxlwlyho|/ rqh lv lqfolqhg wr wklqn wkdw wkh uhodwlyh zhljkwv ri wkh gl￿huhqw frpsrqhqwv ri wkh
v|qwkhwlf shuirupdqfh lqglfdwru vkrxog uhvshfw vrph orzhu erxqg/ exw lw lv qrw fohdu d sulrul zklfk
ydoxh wklv orzhu erxqg vkrxog wdnh1 Pruhryhu/ rqh frxog zrqghu zkhwkhu dovr xsshu erxqgv zrxog
eh dssursuldwh1 Lq rughu wr vroyh wkhvh dqg uhodwhg sureohpv dgglwlrqdo lqirupdwlrq zloo eh qhhghg1
Lq d plfurhfrqrplf hqylurqphqw pdunhw lqirupdwlrq fdq eh xvhg wr vhw wkh udqjh ri srwhqwldo zhljkw
ydoxhv +vhh h1j1 Fkduqhv/ Frrshu/ Kxdqj dqg Vxq +4<<3,,/ exw lq d pdfurhfrqrplf frqwh{w dghtxdwh
lqirupdwlrq lv qrw uhdglo| dydlodeoh1
Dv lw lv qrw lpphgldwho| reylrxv zklfk ydoxh wkh orzhu zhljkw erxqgv vkrxog wdnh/ lw fdq qrw eh
vdlg d sulrul zhwkhu wkh JHP prgho lv ehwwhu vxlwhg wkdq wkh OLPHS 6 prgho ru ylfh yhuvd1 Lw zrxog
eh lqwhuhvwlqj wr frpsduh wkh hpslulfdo uhvxowv ri erwk prghov zlwk wkrvh ri wkh ohvv vrsklvwlfdwhg
exw lqwxlwlyh OLPHS 4 prgho1 Wklv zloo eh grqh lq wkh qh{w vhfwlrq1
D ￿qdo uhpdun frqfhuqv wkh glvwlqfwlrq ehwzhhq  rz dqg vwrfn yduldeohv1 Wkh remhfwlyh ri pdfur0
hfrqrplf shuirupdqfh phdvxuhphqw lv wr hydoxdwh srolf| shuirupdqfh1 Lw lv fohdu wkdw wkh ryhudoo
vwuhqjwk ri dq hfrqrp| lq d fhuwdlq shulrg grhv qrw rqo| ghshqg rq wkh txdolw| ri pdfurhfrqrplf
pdqdjhphqw exw dovr rq wkh vkdsh ri wkh hfrqrp| dw wkh ehjlqqlqj ri wkh shulrg xqghu vwxg| ^vhh
Oryhoo dqg Sdvwru +4<<8,‘17 Wkhuhiruh lw vhhpv uhfrpphqgdeoh rqo| wr frqvlghu  rz yduldeohv zkhq
<hydoxdwlqj srolf| shuirupdqfh1 Uhdo jurzwk/ wkh lq dwlrq udwh dqg wkh vxusoxv ru gh￿flw rq wkh
fxuuhqw dffrxqw duh fohduo| vxfk yduldeohv1 Wkh xqhpsor|phqw udwh lv qrw/ krzhyhu1 Wkh uhodwlyh
fkdqjh lq wkh xqhpsor|phqw udwh zrxog frqvwlwxwh d ehwwhu dowhuqdwlyh1 Qhyhuwkhohvv/ lq wkh qh{w
vhfwlrq d vwrfn yduldeoh zloo eh xvhg wr uhsuhvhqw wkh hpsor|phqw glphqvlrq dv wklv dsshduv wr eh
frpprq sudfwlfh lq wkh olwhudwxuh1 Wkh odwwhu grhv qrw suhyhqw lw iurp ehlqj d zhdnqhvv/ krzhyhu/
hvshfldoo| zlwk uhvshfw wr wkh lqwhusuhwdwlrq ri wkh uhodwlyh zhljkwv dv lqglfdwruv ri srolf| sulrulwlhv1
61 Hpslulfdo Frpsdulvrq
Wkh OLPHS 4/ wkh JHP dqg wkh OLPHS 6 surfhgxuhv zloo eh dssolhg wr hydoxdwh d vdpsoh ri 53
RHFG frxqwulhv1 Wkh gdwd duh suhvhqwhg lq vhfwlrq 6141 Wkh vdpsoh fryhuv wkh shulrg 4<<504<<91
Ehfdxvh ri wkh srvvlelolw| ri vkliwv lq pdfurhfrqrplf shuirupdqfhv ru srolf| sulrulwlhv uhvxowv zloo
eh frpsxwhg iru hdfk vhsdudwh |hdu1 Wkhvh uhvxowv zloo eh glvfxvvhg lq vhfwlrq 6151 Wkh sxusrvh lv
wr fkhfn zkhwkhu wkh gl￿huhqw prghov/ zklfk uh hfw gl￿huhqw shufhswlrqv derxw wkh glvwulexwlrq ri
srolf| sulrulwlhv/ lqyroyh glyhujhqw ylhzv rq wkh uhodwlyh pdfurhfrqrplf shuirupdqfh ri frxqwulhv1
Lq idfw/ irxu prghov zloo eh frpsduhg1 Vlqfh lw lv d sulrul qrw reylrxv zklfk ydoxh wkh orzhu
erxqg uhvwulfwlrq rq wkh zhljkwv lq wkh OLPHS 6 prgho vkrxog wdnh/ dovr OLPHS 6* uhvxowv zloo eh
hydoxdwhg1 Wkh odwwhu duh rewdlqhg iurp wkh dgglwlyh0gxdo prgho1 Fohduo| wkhuh duh qr uhvwulfwlrqv
rq wkh uhodwlyh zhljkwv1 Dv wkh remhfwlyh +51<, odfnv d qdwxudo lqwhusuhwdwlrq dv d uhodwlyh h!flhqf|
phdvxuh/ lw lv/ dqdorjrxvo| wr Oryhoo dqg Sdvwru +4<<8,/ uhsodfhg e|=
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Wkh uhvxowlqj phdvxuh rqo| wdnhv ydoxhv zlwklq wkh lqwhuydo ^4
5>4‘/ zklfk lv lpphgldwh iurp wkh
remhfwlyh +51;,/ nqrzlqj wkdw vodfnv fdq dw prvw htxdo rqh1 Fohduo|/ kljk fruuhodwlrq frxog eh
h{shfwhg ehwzhhq wkh OLPHS 6 dqg wkh OLPHS 6* uhvxowv/ dv wkh OLPHS 6 prgho rqo| gl￿huv iurp
wkh OLPHS 6* prgho lq wkdw ch{wuhph* srolf| zhljkw frpelqdwlrqv duh holplqdwhg1
GHD prghov vhhp dssursuldwh iru frpsxwlqj shuirupdqfh vfruhv dv wkh| doorz iru ehqh￿w ri
wkh grxew zhljkwlqj1 Dv vxfk/ lw dsshduv lqwhuhvwlqj qrw rqo| wr frpsduh vfruhv exw dovr zhljkwv
dvvljqhg wr wkh vhyhudo glphqvlrqv iru hdfk frxqwu|1 Wkdw*v zk| wkh JHP0gxdo prgho zloo eh xvhg
wr frpsxwh wkh JHP uhvxowv dqg qrw wkh JHP0sulpdo prgho1
6141 Gdwd
Dv uhdo jurzwk/ d vxusoxv ru gh￿flw rq wkh fxuuhqw dffrxqw/ wkh lq dwlrq udwh dqg wkh xqhpsor|phqw
udwh fdqqrw eh hpsor|hg lq wkh JHP prgho/ wkh yduldeohv |/ s/ x dqg i duh vxevwlwxwhg iru e| wkh
dowhuqdwlyh phdvxuhv |￿/ s￿/ x￿ dqg i￿/ zklfk rqo| wdnh srvlwlyh ydoxhv dqg fdq doo eh lqwhusuhwhg dv













,/ zkhuh FSLw @ Frqvxphu Sulfh Lqgh{ lq w
x￿





/ zkhuh [w @ Ydoxh ri H{sruwv lq w dqg Pw @ Ydoxh ri Lpsruwv lq w
Wr fdofxodwh wkh OLPHS 4/ wkh OLPHS 6 dqg wkh OLPHS 6* uhvxowv qrupdolvhg yduldeohv duh
xvhg1 Wr rewdlq wkhvh dq dqdorjrxv surfhgxuh wr wkh rqh suhvhqwhg lq +514, dqg +517, lv iroorzhg1 D
vxppdu| ri wkh gdwd lv suhvhqwhg lq wdeoh 41
43Wdeoh 4= Ruljlqdo gdwd/ shulrg 4<<504<<9 +dyhudjh ydoxhv,
Frxqwu| |￿ s￿ x￿ i￿
Dxvwudold 4136< 31<:: 31<36 31<;7
Dxvwuld 4134: 31<:4 31<74 31;77
Ehojlxp 41345 31<:; 31;:: 41388
Fdqdgd 41355 31<;9 31;<9 41468
Ghqpdun 41356 31<;4 31;<3 4148;
Ilqodqg 41347 31<;8 31;67 41339
Iudqfh 41346 31<;4 31;;6 4138;
Jhupdq| 41348 31<:5 31<3; 41443
Luhodqg 41395 31<:; 31;95 41653
Lwdo| 41353 31<8: 31<43 41446
Mdsdq 41347 31<<6 31<:5 416:;
Qhwkhuodqgv 41355 31<:8 31<66 413<8
Qhz ]hdodqg 41365 31<;3 31<4< 41363
Qruzd| 4136; 31<;4 31<77 41657
Sruwxjdo 41348 31<7: 31<6; 3198<
Vsdlq 41346 31<88 31::: 31:9;
Vzhghq 4133< 31<:8 31<59 414<8
Vzlw}huodqg 31<<< 31<:< 31<8< 41354
Xqlwhg Nlqjgrp 41343 31<:6 31;<4 31;<4
XVD 41359 31<:5 31<6: 31:;<
Phdq 41354 31<:8 31<47 41387
Vwdqgdug Ghyldwlrq 31349 31344 31383 31558
Vrxufhv=
RHFG/ Hfrqrplf Rxworrn/ 4<<:
RHFG/ Pdlq Hfrqrplf Lqglfdwruv/ 4<<8 dqg 4<<:
446151 Uhvxowv
Lw zdv phqwlrqhg ehiruh wkdw pdfurhfrqrplf shuirupdqfh uhvxowv vkrxog eh lqwhusuhwhg zlwk vx!flhqw
fduh1 Qhyhuwkhohvv wkh| surylgh xvhixo lqirupdwlrq1 Iru h{dpsoh wkh| doorz rqh wr lghqwli| zhdn
dqg vwurqj shuiruphuv1 Pruhryhu/ wkh zhljkwv dw ohdvw jlyh vrph lqglfdwlrq derxw wkh wuxh srolf|
sulrulwlhv ri jryhuqphqwv1 Ilqdoo|/ lqwhuwhpsrudo frpsdulvrq fdq khos wr glvwlqjxlvk shuirupdqfh
dqg sulrulw| vkliwv1 Wkhvh srlqwv duh looxvwudwhg e| wdeohv 5 dqg 6/ zklfk vkrz uhvxowv iru Dxvwudold/
Ehojlxp/ Jhupdq|/ Luhodqg/ Mdsdq dqg wkh XVD18>9
Wdeoh 5 jlyhv shuirupdqfh uhvxowv iru wkh |hdu 4<<51 Uhvxowv duh suhvhqwhg iru wkh irxu shuirupdqfh
phdvxuhv vr dv wr jhw d ￿uvw lpsuhvvlrq derxw wkh vlplodulw| ri wkh uhvxowv surgxfhg e| wkh gl￿huhqw
prghov1 Doo phdvxuhv djuhh rq Mdsdq ehlqj wkh ehvw shuiruphu1 Udqnlqjv gl￿hu voljkwo|1 Lq jhqhudo/
krzhyhu/ edg shuirupdqfh iru rqh phdvxuh dovr lqyroyhv orz udqnlqj iru dqrwkhu phdvxuh1 Wkhuh
dsshduv wr eh pruh glvdjuhhphqw derxw wkh zhljkwv/ dowkrxjk vrph sdwwhuqv fdq eh glvlqjxlvkhg1
Iru lqvwdqfh/ iru Ehojlxp kljk zhljkwv duh dozd|v dffrughg wr uhdo jurzwk dqg2ru sulfh vwdelolw|1
Iru Jhupdq|/ Luhodqg dqg wkh XVD jurzwk zrxog eh e| idu wkh prvw lpsruwdqw1 Dv uhjdugv Mdsdq/
krzhyhu/ wklqjv duh qrw wkdw fohdu1 Exw khuh lw frqfhuqv d vshfldo fdvh/ dv Mdsdq dfklhyhv wkh kljkhvw
srvvleoh vfruh iru wkh JHP/ wkh OLPHS 6 dqg wkh OLPHS 6*1 Wkh pd{lplvdwlrq surfhgxuh frphv wr
dq hqg dv vrrq dv lw uhdfkhv wkh pd{lpxp vfruh ri rqh1 Zhljkw frpelqdwlrqv gl￿huhqw iurp wkh rqh
surgxfhg exw dovr uhvxowlqj lq d vfruh ri rqh frxog eh srvvleoh1 Zklfk zhljkw frpelqdwlrq lv vhohfwhg
wkhq ghshqgv rq wkh dojrulwkp wkdw lv iroorzhg1 Wkh vdph uhpdun krogv iru wkh Dxvwudoldq JHP/
OLPHS 6 dqg OLPHS 6* zhljkwv1 Wkh srvvlelolw| ri pxowlsoh rswlpdo vroxwlrq dqg wkh dvvrfldwhg
gl!fxowlhv lq lqwhusuhwlqj wkh zhljkwv rqo| rffxu wr d pxfk vpdoohu h{whqw iru frxqwulhv qrw o|lqj rq
wkh ehvw sudfwlfh iurqwlhu1
Wkh OLPHS 6 uhvxowv iru doo frqvhfxwlyh |hduv duh suhvhqwhg lq wdeoh 6 iru wkh vdph vl{ frxqwulhv1
Mdsdq uhpdlqv rq wrs iru zkroh wkh shulrg1 Uhdo remhfwlyhv zrxog eh jlyhq wkh kljkhvw zhljkwv/ exw
djdlq pdq| zhljkw frpelqdwlrqv duh srvvleoh dv Mdsdq lv dvvljqhg d vfruh ri rqh lq hdfk |hdu1 Zh
dovr qrwlfh wkdw Dxvwudold wxpeohv iurp d ￿uvw sodfh lq wkh |hdu 4<<5 wr qr zruvh wkdq d vhyhqwhhqwk
srvlwlrq lq 4<<81 Lq 4<<9/ wkhq/ shuirupdqfh jhwv d olwwoh ehwwhu1 Zhljkwv duh kdug wr lqwhusuhw iru
wkh |hdu 4<<5 dv d vfruh ri rqh lv dwwdlqhg1 Lq 4<<6 sulfh vwdelolw| dsshduv wr eh suhihuuhg deryh wkh
rwkhu remhfwlyhv/ zkhuhdv lq wkh iroorzlqj |hduv qr sulrulwlhv vhhp wr eh dwwulexwhg1 Qh{w zh ￿qg
wkdw Ehojlxp h{shulhqfhv d gudpdwlf uhodwlyh shuirupdqfh ghwhulrudwlrq lq 4<<6 iurp zklfk lw grhvq*w
pdqdjh wr uhfryhu lq wkh iroorzlqj |hduv/ h{fhsw iurp d vpdoo uhfxshudwlrq lq 4<<81 Dovr Jhupdq|
shuirupv rqo| prghudwho|/ srvvleo| d uh hfwlrq ri wkh xql￿fdwlrq1 Wkh Jhupdq dqg wkh Ehojldq
zhljkw vwuxfwxuhv duh wkh vdph/ dqg hdfk remhfwlyh jhwv dssur{lpdwho| wkh vdph srolf| zhljkw iru
wkh zkroh shulrg/ h{fhsw iurp wkh |hdu 4<<5/ zkhuh uhdo jurzwk lv dvvljqhg d kljkhu zhljkw1 Wklv
uhvxow vrphzkdw uxqv djdlqvw jhqhudo lqwxlwlrq dv wkh Pddvwulfkw frqyhujhqfh fulwhuld surprwh d
wljkw prqhwdu| srolf| vr wkdw zh frxog h{shfw orz lq dwlrq wr eh srolwlfdoo| pruh lpsruwdqw1 Luhodqg
shuirupv zhoo/ dqg jhwv iurp d irxuwk sodfh lq 4<<5 dqg 4<<6 wr d ￿uvw srvlwlrq lq 4<<7/ 4<<8 dqg
4<<91 Lq wkh ￿uvw |hdu uhdo jurzwk lv dffrughg wkh kljkhvw zhljkw/ zkloh lq wkh vhfrqg |hdu dovr wkh
fxuuhqw dffrxqw uhvxow zrxog jhw srolf| sulrulw|1 Lq wkh iroorzlqj |hduv wkh cHphudog Wljhu* jhwv d
vfruh ri rqh zklfk lpsolhv/ dv glvfxvvhg ehiruh/ wkdw wkh frpsxwhg zhljkwv fdq kdugo| eh lqwhusuhwhg1
Wkh shuirupdqfh ri wkh XVD/ ￿qdoo|/ ghwhuv udwkhu gudvwlfdoo| ryhu wkh shulrg frqvlghuhg/ idoolqj edfn
iurp d qlqwk sodfh lq 4<<5 wr d vhyhqwhhqwk srvlwlrq lq 4<<91 Voljkwo| pruh frqfhuq jrhv wr kljk
jurzwk/ zkhuhdv wkh rwkhu remhfwlyhv zrxog eh dssur{lpdwho| htxdoo| lpsruwdqw1
D ￿qdo qrwh dssolhv zlwk uhvshfw wr wkh zhljkwv uhsruwhg lq wdeoh 61 Lq vrph lqvwdqfhv/ h1j1
Luhodqg lq 4<<5/ kljko| xqhtxdo zhljkwv duh rewdlqhg/ zklfk lqglfdwhv wkdw prghov doorzlqj iru xq0
htxdo zhljkwlqj ri wkh gl￿huhqw pdfurhfrqrplf remhfwlyhv pd| lqghhg uhyhdo lqwhuhvwlqj lqirupdwlrq
frqfhuqlqj srolf| sulrulwlhv1 Rq wkh rwkhu kdqg/ lq pdq| fdvhv zh ￿qg htxdo zhljkwv iru wkh irxu
glphqvlrqv1 Rqh frxog frqfoxgh wkdw xqhtxdo zhljkwlqj surfhgxuhv lqghhg fuhdwh d vxusoxv ydoxh
exw dovr wkdw wkh d sulrul dvvxpswlrq wkdw srolf| sulrulwlhv zloo dozd|v eh dwwulexwhg vhhpv kdugo|
45ghihqgdeoh1 Htxdo zhljkwlqj ri wkh srolf| remhfwlyhv vkrxog qrw eh h{foxghg1 Lw ixuwkhu vhhpv wkdw
wkh glvwulexwlrq ri srolf| zhljkwv ydulhv frqvlghudeo| ryhu wlph dqg ryhu frxqwulhv1
Wr jhw d pruh suhflvh lghd derxw wkh vlplodulw| ri wkh uhvxowv iru wkh irxu shuirupdqfh phdvxuhv
wkh fruuhodwlrq frh!flhqwv zhuh frpsxwhg1 Wkh| duh suhvhqwhg lq wdeohv 7 wr <1 Wdeoh 7 jlyhv wkh
Shduvrq fruuhodwlrq ehwzhhq vfruhv/ zklfk dsshduv wr eh txlwh kljk1 Qrwh wkdw wkh wkuhh orzhvw
fruuhodwlrq frh!flhqwv duh doo dvvrfldwhg zlwk wkh JHP1 Rqh ixuwkhu qrwlfhv wkdw wkh OLPHS 6
kdv wkh kljkhvw fruuhodwlrq zlwk hdfk ri wkh wkuhh dowhuqdwlyhv1 Wklv uhvxow kdv fohdu lqwxlwlrq dv
wkh OLPHS 6 prgho wdnhv dq lqwhuphgldwh srvlwlrq= uhodwlyh zhljkwv duh lqghhg qrw erxqg wr htxdo
hlwkhu whq/ wzhqw|/ wkluw| ru iruw| shufhqw exw wkh| fdq dovr qrw eh fkrvhq frpsohwho| iuhho| dv uhodwlyh
zhljkw ydoxhv ehorz whq shufhqw duh lpsrvvleoh1
Dgglwlrqdoo| dovr wkh fruuhodwlrq ehwzhhq udqnlqjv kdv ehhq frpsxwhg1 Uhvxowv duh uhsruwhg lq
wdeoh 81 Wkh Vshdupdq fruuhodwlrq ehwzhhq wkh udqnlqjv dsshduv wr eh yhu| kljk +dw ohdvw <818
shufhqw,1 Zh frqfoxgh wkdw wkh gl￿huhqw prghov wuhdwhg lq vhfwlrq 6 ohdg wr d odujh h{whqw wr wkh
vdph frqfoxvlrqv uhjduglqj wkh shuirupdqfh ri qdwlrqv lq whupv ri udqnlqjv dqg/ wr d vrphzkdw
ohvvhu h{whqw/ lq whupv ri vfruhv1
Wkh xqhtxdo zhljkwlqj ri wkhlu frpsrqhqwv frqvwlwxwhv wkh sulqflsdo fkdudfwhulvwlf ri wkh phdvxuhv
glvfxvvhg khuh1 Wkhuhiruh lw lv lqwhuhvwlqj wr frqvlghu wkh fruuhodwlrq ehwzhhq wkh zhljkwv xvhg
wr ghwhuplqh wkh pdfurhfrqrplf vfruhv1 Iurp wdeoh 5 zh frxog suhvxph wkdw/ h{fhsw iurp wkh
fruuhodwlrq ehwzhhq wkh OLPHS 6 dqg wkh OLPHS 6* zhljkwv/ wklv fruuhodwlrq zloo suredeo| qrw eh
yhu| kljk1 Wklv frqmhfwxuh lv d!uphg e| wdeohv 9 wr </ zklfk frqwdlq wkh uhohydqw Shduvrq fruuhodwlrq
frh!flhqwv1 Hvshfldoo| wkh fruuhodwlrqv ehwzhhq wkh i0zhljkwv lv orz1 Orrnlqj dw wkh fruuhodwlrq
ehwzhhq zhljkwv dvvrfldwhg zlwk lqglylgxdo phdvxuhv zh vhh wkdw wkh fruuhodwlrq ehwzhhq wkh zhljkwv
xvhg wr frqvwuxfw wkh JHP dqg wkh OLPHS 6* phdvxuhv/ zlwk wkh vdph xqghuo|lqj dvvxpswlrqv derxw
srolf| sulrulwlhv/ lv uhodwlyho| kljk1 Dovr wkh OLPHS 6 zhljkwv fruuhodwh +uhodwlyho|, vwurqjo| zlwk
wkh zhljkwv dvvrfldwhg zlwk dq| ri wkh rwkhu phdvxuhv/ zklfk djdlq uhvxowv iurp wkh lqwhuphgldwh
srvlwlrq zklfk wkh OLPHS 6 prgho wdnhv1
Zh frqfoxgh wkdw/ vwduwlqj iurp wkh k|srwkhvlv wkdw uhvwulfwlqj hfrqrplf srolf| remhfwlyhv wr irxu
glphqvlrqv lv qrw dq lqdghtxdwh surfhgxuh/ rwkhu edvlf dvvxpswlrqv derxw wkh glvwulexwlrq ri srolf|
sulrulwlhv fdq ohdg wr vljql￿fdqwo| gl￿huhqw zhljkw frpelqdwlrqv1 Wkh shuirupdqfh uhvxowv duh qrw
vr pxfk d￿hfwhg1 Qrw wkh fdofxodwhg vfruhv dqg fhuwdlqo| qrw wkh udqnlqjv1 D sulrul dvvxpswlrqv
derxw wkh doorfdwlrq ri srolf| zhljkwv ryhu wkh irxu pdfurhfrqrplf remhfwlyhv/ wkrxjk wkh| gr qrw vr
pxfk d￿hfw wkh xowlpdwh vfruhv dqg udqnlqjv/ wkxv kdyh d vljql￿fdqw h￿hfw rq wkh frpsxwhg srolf|
zhljkwv dqg vr rq wkh lqwhusuhwdwlrq ri srolf| shuirupdqfh1 Lw vhhpv lpsruwdqw wr sd| dwwhqwlrq
wr wkh zhljkw uhvwulfwlrqv lpsohphqwhg lq wkh prgho xvhg1 Dgglwlrqdo h{whuqdo lqirupdwlrq zrxog
frqvwlwxwh d juhdw khos1
46Wdeoh 5= Uhvxowv iru Dxvwudold/ Ehojlxp/ Jhupdq|/ Luhodqg/ Mdsdq dqg wkh XVD
+|hdu 4<<5,
Vfruh Udqnlqj |0zhljkw s0zhljkw x0zhljkw i0zhljkw
Dxvwudold=
OLPHS 4 31:<9 6 31633 31733 31433 31533
JHP 41333 4 315<8 31998 31355 3134;
OLPHS 6 41333 4 315:4 31848 3143: 3143:
OLPHS 6* 41333 4 313<3 31:63 313<3 313<3
Ehojlxp=
OLPHS 4 319:< 46 31633 31733 31533 31433
JHP 31;;6 47 319;7 31435 31445 31435
OLPHS 6 31:79 44 3165; 31557 31557 31557
OLPHS 6* 31:<: 44 3165; 31557 31557 31557
Jhupdq|=
OLPHS 4 319:9 47 31733 31533 31633 31433
JHP 31<44 43 319:; 3143< 31446 313<<
OLPHS 6 31::< ; 3165; 31557 31557 31557
OLPHS 6* 31;4< ; 3165; 31557 31557 31557
Luhodqg=
OLPHS 4 31:<8 7 31733 31533 31433 31633
JHP 41333 4 31;<< 31368 31373 3135:
OLPHS 6 31<9; 7 31:33 31433 31433 31433
OLPHS 6* 41333 4 31:6: 313;; 313;; 313;;
Mdsdq=
OLPHS 4 31<74 4 31433 31533 31633- 31733-
JHP 41333 4 31987 3145< 31463 313;:
OLPHS 6 41333 4 3165; 31557 31557 31557
OLPHS 6* 41333 4 313<3 31:64 313<3 313<3
XVD=
OLPHS4 31:46 ; 31733 31633 31533 31433
JHP 31;8: 48 319<: 313<8 31433 3143<
OLPHS 6 31::9 < 3165; 31557 31557 31557
OLPHS 6* 31;4: < 3165; 31557 31557 31557
47Wdeoh 6= Uhvxowv iru Dxvwudold/ Ehojlxp/ Jhupdq|/ Luhodqg/ Mdsdq dqg wkh XVD
+OLPHS 6,
Vfruh Udqnlqj |0zhljkw s0zhljkw x0zhljkw i0zhljkw
Dxvwudold=
4<<5 41333 4 315:4 31848 3143: 3143:
4<<6 31;;4 8 315<6 31569 31569 31569
4<<7 31;95 9 3174; 314<7 314<7 314<7
4<<8 31949 4: 31584 31583 31583 31583
4<<9 319<7 43 31583 31583 31583 31583
Ehojlxp=
4<<5 31:79 44 3165; 31557 31557 31557
4<<6 31947 4: 31583 31583 31583 31583
4<<7 319<7 4: 31583 31583 31583 31583
4<<8 31:64 43 31584 31583 31583 31583
4<<9 3194: 49 31583 31583 31583 31583
Jhupdq|=
4<<5 31::< ; 3165; 31557 31557 31557
4<<6 3194; 49 31583 31583 31583 31583
4<<7 31:73 46 31583 31583 31583 31583
4<<8 31:9; : 31584 31583 31583 31583
4<<9 31855 4; 31583 31583 31583 31583
Luhodqg=
4<<5 31<9; 7 31:33 31433 31433 31433
4<<6 31<88 7 31694 31433 31433 3176<
4<<7 41333 4 31755 316:; 31433 31433
4<<8 41333 4 31584 31583 31583 31583
4<<9 41333 4 3156; 315;: 3156; 3156;
Mdsdq=
4<<5 41333 4 3165; 31557 31557 31557
4<<6 41333 4 315<6 31569 31569 31569
4<<7 41333 4 31534 31534 31534 316<:
4<<8 41333 4 31584 31583 31583 31583
4<<9 41333 4 3156; 315;: 3156; 3156;
XVD=
4<<5 31::9 < 3165; 31557 31557 31557
4<<6 31:77 < 315<6 31569 31569 31569
4<<7 31:56 48 31583 31583 31583 31583
4<<8 31976 49 31584 31583 31583 31583
4<<9 318;< 4: 31583 31583 31583 31583
48Wdeoh 7 = Fruuhodwlrq ehwzhhq vfruhv +Shduvrq,
OLPHS 4 JHP OLPHS 6 OLPHS 6*
OLPHS 4 41333 31:<: 31<7< 31<4:
JHP 31:<: 41333 31;;9 31;:6
OLPHS 6 31<7< 31;;9 41333 31<;3
OLPHS 6* 31<4: 31;:6 31<;3 41333
Wdeoh 8 = Fruuhodwlrq ehwzhhq udqnlqjv +Vshdupdq,
OLPHS 4 JHP OLPHS 6 OLPHS 6*
OLPHS 4 41333 31<<7 31<<; 31<<;
JHP 31<<7 41333 31<<8 31<88
OLPHS 6 31<<; 31<<8 41333 31<<<
OLPHS 6* 31<<; 31<88 31<<< 41333
Wdeoh 9 = Fruuhodwlrq ehwzhhq |0zhljkwv +Shduvrq,
OLPHS 4 JHP OLPHS 6 OLPHS 6*
OLPHS 4 41333 3165: 31776 3166<
JHP 3165: 41333 31888 317;:
OLPHS 6 31776 31888 41333 31;75
OLPHS 6* 3166< 317;: 31;75 41333
Wdeoh : = Fruuhodwlrq ehwzhhq s0zhljkwv +Shduvrq,
OLPHS 4 JHP OLPHS 6 OLPHS 6*
OLPHS 4 41333 315:8 31588 314;9
JHP 315:8 41333 31998 31893
OLPHS 6 31588 31998 41333 31;98
OLPHS 6* 314;9 31893 31;98 41333
Wdeoh ; = Fruuhodwlrq ehwzhhq x0zhljkwv +Shduvrq,
OLPHS 4 JHP OLPHS 6 OLPHS 6*
OLPHS 4 41333 31586 31756 316:<
JHP 31586 41333 31888 31953
OLPHS 6 31756 31888 41333 31;75
OLPHS 6* 316:< 31953 31;75 41333
Wdeoh < = Fruuhodwlrq ehwzhhq i0zhljkwv +Shduvrq,
OLPHS 4 JHP OLPHS 6 OLPHS 6*
OLPHS 4 41333 313;9 31488 3138<
JHP 313;9 41333 31599 31785
OLPHS 6 31488 31599 41333 31963
OLPHS 6* 3138< 31785 31963 41333
4971 Vxppdu| dqg frqfoxvlrqv
Lq wklv sdshu vhyhudo GHD0edvhg shuirupdqfh lqglfdwruv kdyh ehhq frpsduhg1 Vxfk lqglfdwruv eulqj
wrjhwkhu vhyhudo pdfurhfrqrplf srolf| glphqvlrqv lqwr rqh vlqjoh vwdwlvwlf1 Lw lv frpprq sudfwlfh wr
vxppdulvh hfrqrplf srolf| remhfwlyhv lq whupv ri wkh irxu glphqvlrqv fdswxuhg e| wkh pdjlf gldprqg
ri wkh RHFG1 Wkh idfw wkdw rqo| irxu glphqvlrqv duh frqvlghuhg dsshduv uhvwulfwlyh1 Wkrxjk wkh dlp
ri wklv vwxg| zdv qrw wr frpsrvh d pruh dssursuldwh vhw ri shuirupdqfh glphqvlrqv/ lw lv lqwhuhvwlqj
wr qrwh khuh wkdw wkh dowhuqdwlyhv frqvlghuhg lq vhfwlrqv 6 dqg 7 doorz wr lqfrusrudwh dovr rwkhu
glphqvlrqv1
GHD doorzv wr xqhtxdoo| zhljkw wkh gl￿huhqw srolf| remhfwlyhv/ zlwk hdfk zhljkw uh hfwlqj wkh
ghjuhh ri sulrulw|1 Lq idfw/ ehqh￿w ri wkh grxew zhljkwlqj lv dssolhg1 Jrrg shuirupdqfh lv dvvrfldwhg
zlwk kljk srolf| sulrulw| dqg wkhuhiruh lpsolhv kljk zhljkwlqj lq wkh shuirupdqfh phdvxuh1 Lw lv lp0
solflwo| dvvxphg wkdw doo frxqwulhv duh vxemhfw wr wkh vdph +v|pphwulf, vkrfnv/ d vrphzkdw duwl￿fldo
dvvxpswlrq1 Lqghhg/ dghtxdwh lqirupdwlrq derxw dv|pphwulf vkrfnv gxulqj wkh shulrg xqghu vwxg|
vhhpv ghvludeoh lq rughu wr dqdo|vh shuirupdqfh uhvxowv lq dq dssursuldwh zd|1
Wkuhh sursrvdov wr frqvwuxfw d v|qwkhwlf shuirupdqfh phdvxuh edvhg rq GHD kdyh dsshduhg
lq wkh olwhudwxuh/ yl}1 wkh OLPHS 4/ wkh OLPHS 5 dqg wkh JHP1 Wkh glvfxvvlrq ri wkhvh wkuhh
phdvxuhv/ wrjhwkhu zlwk d irxuwk dqg d ￿iwk rqh/ wkh OLPHS 6 dqg wkh OLPHS 6*/ iruphg wkh pdlq
vxemhfw ri wklv vwxg|1 Wkhuh dsshdu wr eh d qxpehu ri frqfhswxdo sureohpv dvvrfldwhg zlwk wkh
OLPHS 51 Iru wkh rwkhu phdvxuhv lw lv qrw d sulrul fohdu zklfk rqh lv ehvw vxlwhg iru pdfurhfrqrplf
shuirupdqfh phdvxuhphqw/ wkrxjk wkh xqghuo|lqj prghov uh hfw udwkhu gl￿huhqw dvvxpswlrqv derxw
wkh glvwulexwlrq ri srolf| sulrulwlhv1 Wkh pdlq uhdvrq lv wkdw dgglwlrqdo lqirupdwlrq zklfk doorzv wr
kdyh d fohdu lghd derxw uhdvrqdeoh vhwv ri srolf| zhljkwv lv jhqhudoo| odfnlqj1
Hpslulfdo uhvxowv iru wkh gl￿huhqw dowhuqdwlyhv zhuh frpsduhg vr dv wr lghqwli| zkhwkhu gl￿huhqw
dvvxpswlrqv derxw srolf| sulrulwlhv kdyh d vxevwdqwldo h￿hfw rq wkh rewdlqhg vfruhv/ udqnlqjv dqg
zhljkwv1 Zh irxqg wkdw zlwk uhvshfw wr vfruhv dqg udqnlqjv wkh lpsdfw zdv vpdoo dqg vrphwlphv
hyhq qhjoljleoh1 Wkh fdofxodwhg zhljkwv/ rq wkh rwkhu kdqg/ dsshdu wr eh udwkhu khdylo| d￿hfwhg1
V|qwkhwlf lqglfdwruv fdq lqghhg surylgh dq lqwhuhvwlqj frqwulexwlrq wr pdfurhfrqrplf srolf|
hydoxdwlrq1 Rqh vkrxog sxw wkh shuirupdqfh uhvxowv lqwr wkh uljkw shuvshfwlyh/ wkrxjk1 Dv lw vhhpv
lpsrvvleoh wr fdswxuh hyhu| pdfurhfrqrplf srolf| remhfwlyh lw frxog shukdsv eh lqwhuhvwlqj wr fkhfn
wkh vhqvlwlylw| ri shuirupdqfh uhvxowv zlwk uhvshfw wr gl￿huhqw vhwv ri vlqjoh lqglfdwruv1 Ixuwkhu/
h{whuqdo lqirupdwlrq doorzlqj wr lghqwli| d sulrul uhdolvwlf udqjhv ri srvvleoh zhljkwv iru hdfk remhf0
wlyh dqg shukdsv hyhq iru hdfk frxqwu| dqg hdfk wlph shulrg vhhpv kljko| uhohydqw1 Li dghtxdwh
lqirupdwlrq frxog eh jdwkhuhg wkh OLPHS 6 surfhgxuh vhhpv surplvlqj dv lw doorzv wr lpsrvh doo
nlqgv ri zhljkw uhvwulfwlrqv1
Dfnqrzohgjhphqwv
Wkh dxwkru zlvkhv wr wkdqn Z1 Prhvhq dqg W1 Ydq Sx|hqeurhfn iru frqvwuxfwlyh frpphqwv1 Wkh
xvxdo glvfodlphu dssolhv1
4:Qrwhv
41 Lqfoxvlrq ri wkh fxuuhqw dffrxqw pd| eh vxemhfw wr vrph frqwuryhuv|1 Wlqehujhq +4<85, dujxhv wkdw lw grhv qrw
vr pxfk frqfhuq dq hohphqw ri zhoo0ehlqj dv zhoo d whfkqlfdo h{suhvvlrq ri d cvrxqg* srolf|1 Lw frxog eh dujxhg
wkdw wkh idfw wkdw d vxusoxv lv dvvrfldwhg zlwk jrrg pdfurhfrqrplf shuirupdqfh ruljlqdwhv iurp wkh Hxurshdq
phufdqwlolvw qdwxuh1 Qhyhuwkhohvv wkh fxuuhqw dffrxqw lv udwkhu jhqhudoo| xvhg dv dq lqglfdwru ri pdfurhfrqrplf
shuirupdqfh1
51 Qrwh wkdw wkh ydoxh ri 3143 lv duelwudulo| fkrvhq1 Lw frxog htxdoo| zhoo eh 3138/ 3148 ru dq| rwkhu ydoxh dv orqj
dv lw lv qrw deryh 4@g/ zkhuh g lv wkh qxpehu ri vlqjoh lqglfdwruv xvhg lq wkh frqvwuxfwlrq ri wkh v|qwkhwlf
shuirupdqfh phdvxuh1
61 Orzhu erxqg frqvwudlqwv lpsrvhg rq wkh zhljkwv duh rplwwhg lq rughu wr vlpsoli| wklqjv1 Wklv grhv qrw d￿hfw
wkh fruh ri wkh dujxphqw1
71 Lq idfw/ Oryhoo dqg Sdvwru +4<<8, sursrvhg wr dgguhvv wklv lvvxh e| qrupdolvlqj wkh irxu hfrqrplf vhuylfh
lqglfdwruv lq vxfk d zd| wkdw hdfk frxqwu| vwduwv rxw rq dq htxdo irrwlqj dw wkh ehjlqqlqj ri wkh shulrg xqghu
vwxg|1
81 Qrwh wkdw wkh xvh ri d vwrfn yduldeoh dv dq lqglfdwru iru hpsor|phqw shuirupdqfh vrphzkdw zhdnhqv wklv
dujxphqw1
91 Uhpdun wkdw wkh zhljkwv surgxfhg e| wkh JHP/ wkh OLPHS 6 dqg wkh OLPHS 6* surfhgxuhv gr qrw qhfhvvdulo|
dgg xs wr rqh iru hdfk revhuydwlrq1 Dv zh zdqw wr frpsduh wkh uhvxowv ri wkh irxu shuirupdqfh phdvxuhv/
krzhyhu/ wkh odwwhu lv d ghvluhg surshuw|1 Lw lv rewdlqhg e| glylglqj wkh zhljkwv iru hdfk revhuydwlrq e| wkhlu
vxp1
:1 Qrwh wkdw erwk wkh JHP dqg wkh OLPHS 6* prghov doorz wkh zhljkwv wr eh fkrvhq iuhho| exw wkdw fruuhodwlrq
ehwzhhq wkh fdofxodwhg zhljkwv lv idu iurp shuihfw/ zklfk lqglfdwhv wkdw dovr wkh prgho dqg wkh w|sh ri gdwd
wkdw lv xvhg +ruljlqdo ru wudqviruphg, kdyh dq lpsdfw1
4;Uhihuhqfhv
Dol/ D1 dqg O1P1 Vhlirug +4<<3,/ Wudqvodwlrq Lqyduldqfh lq Gdwd Hqyhorsphqw Dqdo|vlv/ Rshudwlrqv
Uhvhdufk Ohwwhuv </ 73607381
Dvkhu/P1/ U1 Gh￿qd dqg N1 Wkdqdzdood +4<<6,/ Wkh Plvhu| Lqgh{= Rqo| Sduw ri wkh Vwru|/ Fkdoohqjh/
Pdufk0Dsulo 4<<6/ 8;0951
Eurfnhww/ S1O1/ E1 Jrodq| dqg V1 Ol +4<<9,/ Dqdo|vlv ri Lqwhuwhpsrudo H!flhqf| Wuhqgv Xvlqj Udqn
Vwdwlvwlfv Zlwk dq Dssolfdwlrq Hydoxdwlqj wkh Pdfur Hfrqrplf Shuirupdqfh ri RHFG Qdwlrqv/
Plphr1
Edqnhu/ U1G1/ D1 Fkduqhv dqg Z1Z1 Frrshu +4<;7,/ Vrph Prghov iru Hvwlpdwlqj Whfkqlfdo dqg
Vfdoh Lqh!flhqflhv lq Gdwd Hqyhorsphqw Dqdo|vlv/ Pdqdjhphqw Vflhqfh 63 +<,/ 43:;043<51
Fdopiruv/ O1 dqg M1 Gul!o +4<;;,/ Edujdlqlqj Vwuxfwxuh/ Frusrudwlvp dqg Pdfurhfrqrplf Shuiru0
pdqfh/ Hfrqrplf Srolf| 9/ 460941
Fkduqhv/ D1/ Z1Z1 Frrshu/ ]1P1 Kxdqj dqg G1E1 Vxq +4<<3,/ Sro|khgudo Frqh0Udwlr GHD Prghov
zlwk dq Looxvwudwlyh Dssolfdwlrq wr Odujh Frpphufldo Edqnv/ Mrxuqdo ri Hfrqrphwulfv 79/ :60<41
Fkduqhv/ D1/ Z1Z1 Frrshu/ E1 Jrodq|/ O1 Vhlirug dqg M1 Vwxw} +4<;8,/ Irxqgdwlrqv ri Gdwd Hqyho0
rsphqw Dqdo|vlv iru Sduhwr0Nrrspdqv H!flhqw Hpslulfdo Surgxfwlrq Ixqfwlrqv/ Mrxuqdo ri Hfrqr0
phwulfv 63 +425,/ <4043:1
Fkduqhv/ D1/ Z1Z1 Frrshu dqg H1 Ukrghv +4<:;,/ Phdvxulqj wkh H!flhqf| ri Ghflvlrq Pdnlqj
Xqlwv/ Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk 5/ 75<07771
Fkduqhv/ D1/ Z1Z1 Frrshu dqg H1 Ukrghv +4<:<,/ Phdvxulqj wkh H!flhqf| ri Ghflvlrq Pdnlqj
Xqlwv/ Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk 6/ 56<1
Fkduqhv/ D1/ Z1Z1 Frrshu/ M1 Urxvvhdx dqg M1 Vhpsoh +4<;:,/ Gdwd Hqyhorsphqw Dqdo|vlv dqg D{0
lrpdwlf Qrwlrqv ri H!flhqf| dqg Uhihuhqfh Vhwv/ Uhvhdufk uhsruwv FFV 88; +Fhqwhu Iru F|ehuqhwlf
Vwxglhv/ Dxvwlq,1
Hdvwhuo|/ Z1/ P1 Nuhphu/ O1 Sulwfkhww dqg O1 Vxpphuv +4<<6,/ Jrrg Srolf| ru Jrrg OxfnB Frxqwu|
Jurzwk Shuirupdqfh dqg Whpsrudu| Vkrfnv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Ghfhpehu/ 78<07;61
I￿uh/ U1/ V1 Jurvvnrsi/ P1 Qruulv dqg ]1 ]kdqj +4<<7,/ Surgxfwlylw| Jurzwk/ Whfkqlfdo Surjuhvv
dqg H!flhqf| Fkdqjh lq Lqgxvwuldolvhg Frxqwulhv/ Dphulfdq Hfrqrplf Uhylhz ;7 +4,/ 990;61
Oryhoo/ F1D1N1/ M1W1 Sdvwru dqg M1D1 Wxuqhu +4<<8,/ Phdvxulqj Pdfurhfrqrplf Shuirupdqfh lq wkh
RHFG= D Frpsdulvrq ri Hxurshdq dqg Qrq0Hxurshdq Frxqwulhv/ Hxurshdq Mrxuqdo ri Rshudwlrqdo
Uhvhdufk/ iruwkfrplqj1
Oryhoo/ F1D1N1 dqg M1W1 Sdvwru +4<<8,/ Pdfurhfrqrplf Shuirupdqfh ri Vl{whhq Lehur0Dphulfdq Frxq0
wulhv Ryhu wkh Shulrg 4<;304<<4/ Plphr1
Pf Fudfnhq/ S1 hw do1 +4<::,/ Wrzdugv Ixoo Hpsor|phqw dqg Sulfh Vwdelolw| +RHFG/ Sdulv,1
Pho|q/ Z1 dqg Z1 Prhvhq +4<<4,/ Wrzdugv d V|qwkhwlf Lqglfdwru ri Pdfurhfrqrplf Shuirupdqfh=
Xqhtxdo Zhljkwlqj zkhq Olplwhg Lqirupdwlrq lv Dydlodeoh/ Sxeolf Hfrqrplfv Uhvhdufk Sdshu 4:
+Fhqwuh iru Hfrqrplf Vwxglhv/ Ohxyhq,1
Prhvhq/ Z1 dqg Fkhufk|h/ O1/ 4<<:/ Wkh Pdfurhfrqrplf Shuirupdqfh ri Qdwlrqv1 Phdvxuhphqw
dqg Shufhswlrq/ Sxeolf Hfrqrplfv Uhvhdufk Sdshu +Fhqwuh iru Hfrqrplf Vwxglhv/ Ohxyhq,1
RHFG +4<;:,/ Hfrqrplf Rxworrn 74 +RHFG/ Sdulv,1
4<RHFG +4<<:,/ Hfrqrplf Rxworrn 94 +RHFG/ Sdulv,1
RHFG +4<<8,/ Pdlq Hfrqrplf Lqglfdwruv 4<<8 +RHFG/ Sdulv,1
RHFG +4<<:,/ Pdlq Hfrqrplf Lqglfdwruv 4<<: +RHFG/ Sdulv,1
Vhlirug/ O1P1 dqg U1P1 Wkudoo +4<<3,/ Uhfhqw Ghyhorsphqwv lq GHD= Wkh Pdwkhpdwlfdo Surjudp0
plqj Dssurdfk wr Iurqwlhu Dqdo|vlv/ Mrxuqdo ri Hfrqrphwulfv 79 +425,/ :06;1
Wlqehujhq/ M1 +4<85,/ Rq wkh Wkhru| ri Hfrqrplf Srolf|1 Frqwulexwlrqv ri Hfrqrplf Dqdo|vlv
+Qruwk0Kroodqg Sxeolvklqj Frpsdq|/ Dpvwhugdp,1
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